Abstract: Validity of a Questionnaire for Periodontitis Screening of Japanese Employees: Tatsuo YAMAMOTO, et al. Department of Preventive Dentistry, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical SciencesObjectives: Workplaces are suitable for screening for periodontal disease effectively. However, the majority of workplaces do not have a screening program. One possible reason may be that pocket probing, which is commonly used for the screening, needs qualified examiners and is time-consuming. In this study, the validity of a self-reported questionnaire was assessed for screening of periodontitis in 50-to 59-yr-old male employees in Japan. Methods: A total of 250 people were asked to complete a self-administered questionnaire regarding signs and symptoms of periodontal disease, and experience of periodontal treatment, followed by a clinical examination by a dentist. Subjects with at least one tooth having a clinical attachment loss of 7 mm or more were defined as periodontitis patients. Results: Thirteen percent of the subjects were diagnosed as having periodontitis. Logistic regression selected 4 questions, "Are you a current or past smoker?", "Have your gums bled recently?", "Do you think that you can see more roots of teeth than in the past?", and "Have you ever been told that you need periodontal or gum treatment?" as potential predictors of periodontitis. When subjects with at least 3 "yes" responses to the 4 questions were separated from the others, the subjects with periodontitis were separated most effectively (showing the highest sensitivity + specificity: 1.524) from those without. The area under the receiver operating characteristic curve was 0.81. Conclusions: These results suggest that the self-reported questions are useful for screening of periodontitis in 50-to 59-yr-old Japanese workers. (J Occup Health 2009; 51: 137-143) 
Periodontal disease is one of the most prevalent diseases affecting human dentition and one of the principal causes of tooth loss 1) . Gingivitis, a milder form of periodontal disease, is commonly found among individuals of all age groups. Periodontitis, which affects the deeper tissues of the periodontium, including alveolar bone, is more prevalent in the older age group than in young persons 2) . Workplaces are suitable for screening for periodontal disease because most of the target population would be involved. However, many workplaces do not have a system for screening for periodontal disease 3) . One possible reason may be that dental health check-ups are not mandated by law. There are other possible reasons why screening for periodontal disease is not performed at workplaces. The Community Periodontal Index (CPI) is often used for the screening of periodontal disease in public health 4) ; however, qualified examiners are needed to perform the probing procedure. Considerable time and effort are also required when screening for periodontal disease in a large number of subjects. In addition, some people find periodontal probing uncomfortable 5) . Questionnaires may be employed for screening for periodontal disease. Self-reported questionnaires are considered for determining and monitoring prevalence of periodontal disease in the United States 6) because of their cost-efficiency. Self-reported periodontal measures were validated in US studies using health professionals as subjects 7, 8) . On the other hand, studies using general populations did not show satisfactory validity when a single self-reported item was used to assess periodontal disease history in the United Kingdom 9) , the United States 10) , Sweden 11) , and Germany 12) ; however, recent reports showed that a multivariate predictive model including self-reported items and basic demographic variables was sufficiently valid 6, [13] [14] [15] [16] . The validity of self-reported questions may vary from country to country. In the present study, the validity of a self-reported questionnaire for periodontitis was assessed using 50-to 59-yr-old male employees in Japan.
Subjects and Methods

Subjects
All 556 males aged 50 to 59, who worked at the Kagawa Police Department, Kagawa Prefecture, Japan, were asked to attend annual dental check-ups by the chief of the department. Because the department operates in three shifts, over one-half of the workers stayed at home or were sleeping when the check-ups were conducted. As a result, a total of 251 males were enrolled in this study. One individual was excluded because he had less than 15 present teeth. The study protocol was approved by the Ethical Committee of the Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences. Verbal consent was obtained from all participants during the examination period.
Self-reported questionnaire
Prior to clinical examination by dentists, the participants were asked to complete a self-reported questionnaire regarding smoking status (never smoker, previous smoker or current smoker), signs and symptoms of periodontal disease, and experience of periodontal treatment. The questions were selected based on a systematic review of reports related to validation of selfreported periodontal disease (Table 1) 17) .
Clinical examination
Five experienced dentists conducted periodontal examinations according to the protocol of the United States National Health and Nutrition Examination Survey 2) . Probing pocket depth (PPD) and clinical attachment loss (CAL) were measured at mesio-buccal and mid-buccal sites for all of the teeth in 2 randomly selected quadrants, 1 maxillary and 1 mandibular, using a constant-force periodontal probe (gram probe #5, TDM Co., Tokyo, Japan). The number of teeth of each participant was also examined. The intra-and interexaminer agreement (± 1 mm), evaluated with kappa statistics, of both PPD and CAL ranged from 98% to 100% and from 95% to 97%, respectively. The distribution of selected quadrants for probing after randomization was as follows: upper right, 131 quadrants; upper left, 119 quadrants; lower right, 115 quadrants; lower left, 135 quadrants.
Statistical analysis
A periodontitis patient was defined as an individual having at least 1 tooth with severe attachment loss, i.e., ≥7 mm of CAL 14) . The sensitivity, specificity, positive and negative likelihood ratios, and crude odds ratio for each question were calculated. Multiple logistic regression analysis was performed to identify questions which were potential predictors of periodontitis. Variables that met the p<0.10 criterion were included in a subsequent logistic regression 6, 14) . After calculating the probability of each subject using the equation of the final multiple logistic regression model, a curve of the plot of the sensitivity against 1-specificity ("receiver operating characteristic" [ROC]) was drawn. The fit of the model was quantified using "c" statistic, which is a measure of the area under the curve ROC 14) . The sensitivity and specificity of the cut off point of the logistic regression model was determined. Data were analyzed using a statistical package (15.0 J for Windows, SPSS Japan, Tokyo, Japan).
Results
Among the 250 subjects, 85 (34%) had never smoked, 74 (30%) were previous smokers, and 91 (36%) were current smokers. The mean (standard deviation) and median (range) number of the teeth present were 27.1 (2.9) and 28 (15-32), respectively. The frequency distribution of subjects in relation to maximum CAL is shown in Fig. 1 . The number (percentage) of subjects with CAL ≥7 mm was 33 (13%).
The question "Do you think that you can see more roots of teeth than in the past?" showed the highest sensitivity (0.85) ( Table 1 ). The questions "Are your teeth wobbly?" and "Have you ever been told that you need periodontal or gum treatment?" had the highest specificity (0.83) and the highest positive likelihood ratio (3.10). The highest value of sensitivity plus specificity (1.42) was shown in the question "Do you think that you have gum disease?" Table 1 also showe the crude odds ratio based on the univariate analysis, which indicates that the all items were significantly related to the presence of periodontitis.
The first multiple logistic regression model identified the questions related to the prevalence of periodontitis as "Are you a current or past smoker?", "Have your gums bled recently?", "Do you think that you can see more roots of teeth than in the past?", and "Have you ever been told that you need periodontal or gum treatment?" ( Table 2 ). The final multiple logistic regression model using these 4 questions is shown in Table 3 . All questions other than "Are you a current or past smoker?" had p values less than 0.01. The final multiple logistic equation where Y was a dependent variable. X 1 , X 2 , X 3 and X 4 were coded 1 and 0 if the answer of the following 4 questions was "yes" and "no," respectively. X 1 : Are you a current or past smoker? X 2 : Have your gums bled recently? X 3 : Do you think that you can see more roots of teeth than in the past? X 4 : Have you ever been told that you need periodontal or gum treatment?
All the patterns of response (n=16) to the questions were calculated using the equation (Table 4 ). The subjects were divided into two groups according to the Y value. When the groups a+b+c+d+e, i. e., the subjects with at least 3 responses of "yes," were separated from the others, the subjects with periodontitis were separated most effectively (showing the highest sensitivity + specificity) from those without (Table 5) . At the optimum point, sensitivity, specificity, and positive and negative likelihood ratios were 0.73, 0.80, 3.58 and 0.34, respectively. The area under the ROC curve was 0.81.
Discussion
The logistic regression model using the 4 questions provided a useful measure for screening periodontitis with respect to the level of predictive validity using the "c" statistic and values for sensitivity and specificity. When subjects with at least 3 "yes" responses were separated from those with 2 or fewer responses of "yes," subjects with periodontitis were separated most effectively from those without. The area under the ROC curve was 0.81, which is classified as "useful for some purpose" 18) . The combined sensitivity and specificity (1.53) indicates good validity because the value is more than 1.20 17) . The values obtained in the present study are within the range of other questionnaire studies using a similar logistic regression model 6, [13] [14] [15] [16] . Recently, lactate dehydrogenase in saliva was proposed as a new screening measure of periodontal disease 19) . However, the sensitivity (0.73) and specificity (0.80) of the final logistic regression model in the present study were higher than those of lactate dehydrogenase in saliva (sensitivity: 0.66, specificity: 0.67). Moreover, determination of lactate dehydrogenase in saliva is relatively expensive and requires various equipment. Therefore, the questionnaire would be useful for screening for periodontitis in a workplace.
The questions "Are you a current or past smoker?", "Have your gums bled recently?", "Do you think that you can see more roots of teeth than in the past?", and "Have you ever been told that you need periodontal or gum treatment?" were useful for predicting periodontal disease outcomes. Three out of the 4 questions were for dental variables and the other was for smoking status. These 3 dental questions could be added to a medical 
The final multiple logistic model is Y=exp(X) / {1+exp(X)} X=0.954X 1 + 1.266X 2 + 1.414X 3 + 1.466X 4 -4.767 where Y is a dependent variable, and X 1 , X 2 , X 3 and X 4 are the binary responses to the 4 questions in Table 3. health questionnaire, such as the questionnaire for metabolic syndrome. In April 2008, a new healthcare system reform including health check-up and lifestyle intervention was introduced to prevent metabolic syndrome in Japan. Because metabolic syndrome and periodontal disease share common risk factors 20) , an approach to integrate interventions for periodontal health into medical health programs is recommended 21) . Questionnaires for the prevention of metabolic syndrome, which include the abovementioned 3 dental questions, might serve as an effective approach in workplaces.
Partial examination, not full-mouth examination, was carried out in this study. Because this study was conducted as a part of dental health promotion activities in a workplace, we did not have adequate time to examine the whole mouth. Recent studies defined severe periodontitis as having 2 or more teeth with CAL ≥6 mm and at least one site with PPD ≥5 mm, and moderate periodontitis as having at least 2 sites with CAL ≥4 mm on 2 different teeth or at least 2 sites with PPD ≥5 mm on 2 different teeth based on full-mouth examination 6, 15, 16) . Some studies used panoramic radiographs 13) and intra oral radiographs 10) to define periodontal disease. We conducted partial mouth examination, and this examination methodology might have underestimated the prevalence of periodontitis and led to misclassification of the periodontal status. Such misclassification might have contributed to attenuation of the area under the ROC curve, and the sensitivity and specificity of the logistic regression model of the present study.
We defined the subjects with at least one tooth having CAL of 7 mm or more as periodontitis patients. The purpose of this study was to screen severe periodontitis rather than mild periodontitis and gingivitis. Severe periodontitis is a main cause of tooth loss 1) , which reduces quality of life. In addition, severe periodontitis is a risk factor of cardiovascular disease, stroke, diabetes and pulmonary disease 22) . Therefore, screening severe periodontitis is important to prevent tooth loss and related systemic diseases.
When a subject with at least one site of PPD ≥5 mm was defined as having periodontitis, the questions with highest sensitivity and specificity were identical with those when CAL ≥7 mm was defined as having periodontitis. However, the first logistic regression analysis showed that only one question "Do you think that you can see more roots of teeth than in the past?" was significantly associated with periodontitis (p<0.10), while the other questions were not. The difference of the results according to the definition of periodontitis might be ascribable to the difference of meaning between PPD and CAL. PPD represents present status of periodontium, but CAL measures previous disease experience 23) . For example, it is possible that a tooth has <5 mm of PPD, even though it has CAL ≥7 mm.
Only 50-to 59-yr-old males participated in the study. Future studies including other age groups and females would be required to test the universal application of the questionnaire. We excluded female workers from the study subjects because the number of females was only Answer pattern of each group was shown in Table 4 . *Optimal point of cut-off.
25. In addition, because males are more susceptible to periodontitis than females 24) , we focused on males in this study. Another limitation of the study was that the subjects were workers at a police department, who might not be representative of a general population. Therefore, extrapolation of the results to the general population must be carried out carefully. Moreover, addition of variables such as diabetes 16) , which are established risk factors of periodontal disease, may improve the logistic regression model. However, we could not include such data related to diabetes in the present study.
In conclusion, a logistic regression model using four self-reported questions, such as "Are you a current or past smoker?", "Have your gums bled recently?", "Do you think that you can see more roots of teeth than in the past?", and "Have you ever been told that you need periodontal or gum treatment?" would be useful for screening for periodontitis in 50-to 59-yr-old Japanese males in workplaces.
